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, ,. The mass of an electroweakly interacting neutrino consists of the electric 

p_^^ and weak parts responsible for the existence in it of charge, charge radius and 

CL,; magnetic moment. Such connections explain the formation of paraneutrinos, 

^ ; for example, at the polarized neutrino electroweak scattering by spinless nu- 

clei. We derive the structural equations which relate the mass and its self 
> ■ components to charge, charge radius and magnetic moment of each neutrino 

as a consequence of unification of fermions of a definite flavor. Findings 
open the possibility for establishing the laboratory limits of weak masses of 
all Dirac types of neutrinos. Thereby, they show that the earlier measured 
properties of these particles may serve as a certain confirmation of the avail- 



O ■ ability of mass structure of their interaction with field of emission. 

> 

X 



In the classical electrodynamics, it has been usually assumed that all in- 
ertial mass of a particle is equal to its electric mass ^ . Such an implication 
can be explained by that elementary objects with the Coulomb behavior have 
no neither weak, strong nor any other type of interaction. This is, however, 
valid only for those particles in which the mass and charge are absent. 

One of such objects may, according to the earlier presentations, be a neu- 
trino of the Dirac nature. But unlike the original electroweak theory [2], its 
mathematically consistent extension gives the possibility to relate the mass 
mjy; to charge Fiyi{q^) and magnetic F2yi{Q^) form factors of this particle 
(/ = e, /i, r, ...) as a consequence of the equality of cross sections P, H] of the 
interaction with field of emission of both types of vector V^^ currents. For the 
case when to the process answer their independent fivX^) parts, the latter is 
reduced to the following [S] : 

/i,X0)-2m,j2.,(0) = 0. (1) 

It is clear, however, that Fiiy^{q'^) include not only the static but also the 
dynamical components: 

Fi,,{q') = UXo) + R^.Xq') + ..., (2) 

— * 

where fwX^) describe the electric charge and magnetic moment, Ri^i{q^) char- 
acterizes the connection between charge r^i radius of a neutrino and field of 
emission of an intermediate boson: Riiyj{q'^) = — (g^/6) < rl^ > . 

Insofar as R2vi{(l^) is concerned, we will start from the fact [6] that each 
dipole moment arises as a result of a kind of charge. To such a principle 
corresponds in the limit of ([T]) a connection of parameters 

h.m = M 

and that, consequently, between the mass of the neutrino and its charge there 
exists a certain latent dependence P, [7j . 

This would seem contradicts charge quantization. As was, however, for 
the first time noted by the author [8j , to any type of an electrically charged 
particle corresponds a kind of magnetically charged monoparticle. In a given 
situation, each mononeutrino answers to quantization of the electric charges 
of all neutrinos and vice versa. 



One can also as an example use an arbitrary charge, introduction of which 
in the framework of the standard theory is not excluded [2] . 

At the availabihty of the suggested connection, the conservation of charge 
in the decays of the neutron, proton, muon, tau lepton and in other reactions 
with neutrinos must lead to a formation in the field of emission of dileptons 
and paradileptons of a definite flavor jTO, IH] • 

Another characteristic moment is the mass structure [3, [12] of gauge in- 
variance. Thereby, fall off the possibility to explain the existence in a massive 
neutrino of charge and its radius by the absence of gauge invariance. 

In the presence of a purely electric part of mass, the expected structure 
of /it/;(0) encounter condition of the steadiness of charge in neutrino and 
requires the explanation from the point of view of interratio of the most 
diverse types of intraneutrino forces. For this we must at first recall the 
mass-charge duality ||13], according to which, each of the Coulomb, weak and 
unelectroweak charges says about the existence in nature of a kind of inertial 
mass. Therefore, a neutrino with an electroweak behavior can have not only 
the electric |I] but also the weak |T1I 



masses. 

Thus, all the mass m,y^ and charge ej., of the neutrino coincide with its 
electroweakly united (EW) mass and charge 

EW E I W /o\ 

possessing the Coulomb (£") and weak (W) components. They constitute an 
intraneutrino harmony of the four types of forces [[15j] . 

For further substantiation of the legality of such a procedure one must 
build the functions JwSS^) and < r^^ > in the neutrino mass structure de- 
pendence. From this purpose, we investigate here the behavior of elastic 
scattering of longitudinal polarized neutrinos of the Dirac nature on a spin- 
less nucleus as a consequence of the availability of the electric, weak and 
electroweak masses, and also of charge, charge radius and magnetic moment 
of incoming fermions of vector neutral Vy^ currents. 

The matrix elements of such transitions |16j in the limit of one-boson 
exchange include the following interaction parts: 

Ml = ^u{p'e, s'){7m[/£(0) + Iql < r^ >e\- 
Qe o 



- ^(^^^xqEfi.l{^)}u{pE, s) < f\J^{qE)\i >, (5) 

^n = ^^bV' s')-i^gviu{pw, s) < f\jf{qw)\i > ■ (6) 



Here lyi = Vi'^{v^'^), q^ = p^ - y^, q^ = p^^ - p'^, Pe{pw) and p'e{Pw) 
correspond in the Coulomb (weak) scattering to the four-momentum of initial 
and final neutrinos of the definite helicities s and s' J2 and J,f describe 
the target nucleus currents at the emission of virtual photons and Z^-bosons, 
gv^ characterizes the vector component of the neutrino weak interaction with 
neutral currents. 

The index E in f^^ and < r^^ >e implies the availability of a connection 
between these characteristics of the neutrino and an electric m^ part of its all 
rest mass. We see in addition that in the case of exchange by the Z'^-boson, 
only the weak mj^ component of mass is responsible for the scattering. 

A neutrino itself possesses simultaneously both electric and weak masses 
in [Hj. This leads to those processes which originate at the expense of an 
electroweakly united interaction 



ReM%M}Y = ^^^ReAEwA'EwMfLiO)^ 
V^Qew 

+ q(&W <^l >/]- 

- ^<^fiX(lEwfLi{^)hf^9ViJ^{qEw)jf{qEw), (7) 

where the interference currents fl^^ and < r^^ >/ appear in the mass and 
charge structure dependence. Here one must have also in view of that 

qEW = Pew — Pew^ 

Kew = u{pew, s)u{pew, s), 

^Ew ~ '^{Pew^ ^ j'^kPew^ ^ )■ 

For spinless nuclei of the electric Z and weak Z\y charges and of all Dirac 
types of longitudinal polarized neutrinos, the investigated process cross sec- 
tion, according to (Ej)-® and the standard definition 

^^^^MS^_ _}_\.rE ,j./rW\2 /ON 

— -dn — -1^1^/^ + ^/^ I' (8) 



may be written as 



+ da/'{9Ew,s,s') + dayl^'{9w,s,s'), (9) 



where the purely Coulomb contributions are equal to 

V,. 



'^'^ZT'''^ = r°^<i - ''^>"'^<i + '''^^''^" 



2 
3 



WeH - sb')UI. - i < rl. >E «)^5')'+ 



+ 4K)-^(1 - r,-E'n&f]t9'-f}Fl(qi). (10) 

To the interference scattering answers the expression 






3 

- j < < >. (m;5")^7^i.]*/^}F/tev^). (11) 

The cross section explained by the weak interaction (El) has the form 



dG^P{Ow,S,s') Gp{m ) 2 r -2/-, , /N 2^1^ 

-9vA^w\^ + ss) COS -— 



dn 167r2 ^^^^ 



2 '^VF T Z72 / 2 



+ (l-ssOsin2^}F2.(g2^). (12) 



Here we have been used by the relations: 

^;2 ^,2 or' f^EW\2 

4:{mf;J'^aE T[\j2a 

2 2 2 



^{m^n'o^Ew' " (l-7/i)cos2(^^/2) 



1^1 
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2 K 

FE{ql) = ZFMl). Fj{ql^) = ZZ^F^^w)^ 

Fwiql) = ZwFciql), ql = -^{K?1k\ 

Zw = \{(^P{Z-rN)-r(5\^\Z-N)}, 





A 


= Z + N, 


Mt = 


4p 


pP 


= ■ 


-2 sin^ 6w, 


/??' 


1 

~ 2 " 


3Vui 


= ■ 


1 . . ^ 

-- + 2sin^ 


' Ow, 


K = 



E, EW, W. 

where 6k correspond to the Coulomb, electroweakly united and weak scatter- 
ing angles at the energies £'^[, the functions Fc{q\) are responsible in these 
processes for charge (Fc(0) = 1) distribution of a nucleus with an isospin T 
and its projection My, (3y and (3y denote the constants of hadronic vector 
neutral current isoscalar and isovector parts. 

The presence of self interference terms (/i^^)^ and < r^^ >e in ( TTUf ) is 
explained by the formation of one of the left (s = — l)-right (s = +1) and 
the right-left [[H] or of the left - and right-handed [17J paraneutrinos: 

(,.f,,^«), (^«pf), (13) 

(vt,vt), (y^.v^)- (14) 

Their appearance in the nuclear Coulomb field can also be explained by the 
contribution /^^^ < r^^ >e of the mixed interference between the interactions 
with photon of the neutrino charge and charge radius. They of course appear 
as well as at the expense of weak neutral currents. In the latter case from ( IT^ 
and its structural components gy^ , we are led to a correspondence principle 
that the nature of difermions depends on an interaction type. Therefore, the 
availability of mixedly interference contributions gy^ f(^^ and gy^ < ^li >i ^^ 
the scattering cross section ( fTTI ) can also confirm the fact that the existence 
of paraneutrinos with an electroweak behavior is, by itself, not excluded. 

Here it is relevant to note that ([HI) doubles the value of mixedly interference 
terms. But the number of difermions and those phenomena which lead to 



their formation coincide. Such a symmetry explains the separation of any 
type of the mixedly interference cross section into the two. 

Thus, if we sum each of (fTUI)-(fT^ over s', one can write (E]) in the form 

dcrE!wi^E,w, s) = da^' {Oe, s) + i^da/' {9ew, s)+ 

+ l^d(7/'{eEw,s) + da^'{ew,s), (15) 

where the purely Coulomb scattering cross section behaves as 



^-d(JE'{eEjt.<rl >E.s) + 



+ da];^ {Oe, < rl >E, s) + daf [Oe, fg^, s), (16) 



d^]^' [Be. hi,, s) ^ dal'^ {Oe, f,% s' = s) daf {Oe. /f,^, s' = -s) ^ 

dQ dn dn 

= ^0^(1 - Vl)-\l + ^l^/y)(/£)^^l(^l), (17) 

d(7E' {Oe. /£, < rl >E, s) _ dal^' {Oe, /i^,, < r^ >e, s' = s) 



dn dn 

, dal^'iOE: fg,: < rl >E, s' = -s) 



dn 



''<)V-o^(l-^l)-^X 



X (1 + lW4)fil < < >E FUqI), (18) 



da^' {9e, < rl >e, s) daj^' {6e, < rl >e, s' = s] 



dn dn 

daE'{OE:<rl >E,s' = -s) 

dn 



4 



= ;^K)S^Vf(l-,,|)-'x 



2, 2^E^ ^ 4 



x(^^lEtg'f)<<>EF^{qj,), 



(19) 



^^E ' (^i^, /2^.., s) dal'^ {Oe. fi, s' = -s) 



dn 



dn 



= 4(m3 V-o^(l - rimiijFUqDt/-^. 



(20) 



An interference term corresponding in ( [THI ) to the electroweakly united 
processes becomes equal to 



K, 



K, 



daj''' {Oew, s) = da/' {Oew, Qv,, , fL, s)+ 



da/'{eEw,gv,^,< rl^ >/, s) 



(21) 



(icrj'^' {Oew: 9v,, , /h, s) _ da/' {Oew: 9v,^ , //^,, s' = s) 



Kjyj , 



dQ 



dn 



K 



rfdj'^' {9ew, gv,^ , /li.;, 5^ = -s) _ 
= P£;H^(Tf^(l-^w)~^x 

n 

X (^ + VEwta''^)gv,,fL,Fii<iEw)< 



(22) 



K 



K, 



(icTj"' (^iJM^, gry , < ri >/, s) dcTj"' {OeW, QV,, , < ^1 >/, s' = S 



uil - ■ VI 



dn dn 

da/' {Oew : gv,^: < r^ >/, s' = -s) _ 
^ dn ~ 

= -lim^n'^EivPEw^ni - riu-'x 

X (1 + r]lwtg^^)gv^^ < r\ >i F/ql^). 



(23) 



A purely weak interaction of partially longitudinally polarized neutrinos 
with neutral currents is described by the cross section 

d(T^' {Ow, gv,^ , s) _ da^' {Ow, Qv^^ , s' = s) da^^' {Ow, Qvi ,s' = -s) _ 



dn dn dn 

^FV^vi ) -2/1 , 2 - 2^W^\ 2 772 / 2 \ 2 ^W (^.^ 

= — 3^2 ^w (1 + Vwtg -Y)9v,/wiQw) COS — . (24) 

Among ([IHD-([21D the cross sections ( fTHf ) and (ESj) have the negative signs. 
This says in favor of a latent connection between the electric charge of the 
neutrino and its charge radius. The latter together with ([T]) allows to con- 
clude that on the availability of a non-zero mass, the neutrino must possess 
simultaneously each of currents of the vector nature. 

To define their mass structure, it is desirable to replace (Ej) averaging the 
cross sections (fT(II)-(IT^ over s and summing over s' for 



+ ^daJ'^{eEw) + da^'{ew). (25) 



Its components may be presented as 

dal'^ {9e) = dc^E^ {Oe, hi) + i-daE^' {Oe, ft. < r' >e)+ 



+7;daE'{0EJii,<rl>E) + 



+ daf {Oe. < tI >e) + da];^ (^^, /|j, (26) 



doi"' {Oew) = daP {Oew, 5'k, ^ fL) + d(j/' {Oew, Qv,, , < rl >/), (27) 



d(7^' {9w) = d(7^' {Ow, 5'K, )• (28) 

Any part of each of ([25j)-(12HD coincides with the corresponding cross section 
from ([TBI). (EID, (EID and that, consequently, we find 

dcy]^' (Be, /fj = dal'^ {Oe, /£, s), (29) 

d^E' [Oe. /£„ < rl >e) = d^E^ {6e. hi, < rl >^, s), (30) 



K,.. 2 



daE'{9E,< r^, >e 
d<JE'{eEj2l 
do-/^{6Ew,gv^,, fii 



dap{eEw,gv,,,< rl >i 



d(7w{9w,gv,, 



K,,. , 2 



= daE'{OE,< r„^ >E,s] 

= d(7E'{eEji,,,s), 



K 



= da/^ {OeW: 9v,, , fw, , s) , 



(31) 
(32) 
(33) 
(34) 

= dal^'{ew:gv,^:s). (35) 

It is already clear from them that (Ej) describes the scattering of a par- 
tially ordered flux of unpolarized and longitudinal polarized fermions. It can 
therefore constitute P, |^ a kind of set of cross sections 



y.,,n / 2 



d(7P{eEw,9v,,,< ri >vnS] 



dc^E^ = {d(7E;w{^E,w^^)^ d(^E!w{^E,w)}- 



(36) 



The compound structure of both elements of ( IHUf ) testifies about that any 
of ( fTHI ) and ( 1251 ) constitutes the naturally united subclass: 

d(TE!w{^E,W: s) = {da^' {Oe: /i^,, s), -da^' {Oe, A^,, < rl^ >E: s), 



1 7 K, 

2 



K, 



^dcr^'' (^£;, ffl^, <rl^>E,s), da^' {Oe, <rl^>E,s), 



K, 



d(JE^ {9e, f2vo s), 2*^^^"' (^£;VK, ^K; 5 /ii.,5 5), 

-rfcTj''' (^£;h-, ^y^^ , //^^, s), -dcr^'' (^ij^^, ^K^ , < r^, >/, s), 



-da/'{eEw,gv,^,<rl >/,s), (icr^'(^iy,^v^^, s)}, 



K, 






(37) 



^C^KWl^i?,!^) = {d(JE' {^E, /£), ;^C?Cr/' (^£;, ff^^, < rl^ >e), 



1 7 K, 

2 



2' 



^c^d^"^' (^ij, /i^^, < rl >e), d(jE' {Oe, < rl >e), 



v., 



dcTs' {Oe, fij, i^daP {Oew, 9v,^ , fij, 



1 7 K, 
2 



1 , K, 
— ( 
2 






da/'{eEw,gv,,, < r^, >/), da^' {Ow , gvj} ■ 



(38) 
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These subsets, according to ([22])- (ES), must have the same size. This im- 
phes that their elements correspond in nature to one of the above-mentioned 
difermions, because of which all components of cross sections (USD ^^^ ( 1^ 
coincide. 

Another important circumstance is the fact that between the fermions of 
each of paraparticles ( fTHI ) and (IHj) there exists a sharp flavor symmetrical 
dependence |II], [IT]. Such a connection gives the right to use the flavor 
symmetry as a theorem P, [3] about the equality of compound parts of cross 
sections of the neutrino interaction with electroweak currents. 

So it is seen that the possible pairs of elements from sets (ETj) and ([SHD 
establish the forty two ratios. Jointly with the expressions of cross sections 
I, the latter are reduced to the twenty one explicit equations. 



To show their structural picture, it is sufficient to choose the five from the 
original relations: 

— K ^ ' — K ^ ' ^39) 

dcr^^ {9e: fiT^i ) daj"^ {OeW: 9v,^ , fi„i) 



d(JE i^E, < rl >e) daP {Oew, 5'k, ^ < rl >i] 



lyi-r., d(Ji'{0Ew,9v.^,<r% 

It is not excluded, however, that the discussed processes depend not only 
on the fermion properties but also on the structure of a nucleus itself. 

For elucidation of nature of the neutrino, it is desirable to use a nucleus 
with zero spin and isospin. Therefore, if A^ = Z then inserting the exact 
values of cross sections from ([2SD-([SSD in ( 1H^ and (1301). it is not difficult to 
constitute those equalities which at the large energies (E"^ ^ m^J when 

2 

,. r^|sin-^(g^/2) _ 

^^m,,^o,..-.0(^ + vWiOEm) cos2(^^/2) " ^' 



lead us to the system 

/£,(o) = ±gv ":"T"'" /?!"'. (41) 



a».-»,2££-- 
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o/^ W 



i^/ 



3Gp ( m^ 



< r^, >i- gv,, ^ ^_ I z^ I /^v^ • (45) 



Thus, we have the possibihty on the basis of these solutions and their 



logical predictions about that /i.^O) = ffJO) + fUO), /2.,(0) = /2^.,(0) 



< ^^i >=< r^^ >^ + < rl^ >i to establish the mass picture of the neutrino 
vector currents 

fUO) = -9V„ ^ "k"^' sin^ 0„; (46) 



'"l 



T[\f2a 



Gprnf 



h., (0) = -^v -^^ sin^ ^^, (47) 



< r,, >= -9v.,^r-7^^-± 3 \ 1 sm %. (48) 



27rV2a mg I, (mg^)^ 

Unification of (HSj) and ( H71 ) suggests a connection 

/i.X0)-2m^^/2.X0) = 0. (49) 

Its comparison with ([T]) establishes (EI) and thereby convinces us once again 
that any of all types of charges leads to the appearance of a kind of the dipole 
moment p. According to this principle, (I15l)-(ll5f) must give the normal size 
of the neutrino studied properties. 

From a general point of view, they may be renormalized as e""^"^ = e/ii^,(0), 

I^IT"" = e/2..(0), < rl >norm=< < > • 

Furthermore, if we suppose that in the case of a neutrino, the Schwinger 
value of magnetic moment jID] has an estimate /i^"^'™ = {a/2Ti)ii™^^, in a 
similar way one can get from (1461)- (jlSf) the following functions 



%i - -9v,i ^ 2 /2 sm 6'ty, (5Uj 

12 



'"' ~ ~'^^''' 4tt^V2 ^ ' 

< r, >„„„„- -g^.„_-^_ 1^3 („EV,.-)2 ) s'" «w (52) 

The basis for such an approach is that ^^^"^ can exist only in the presence 
of the anomalous charge P, [6] having a kind of the radius. 

The latter togrther with e|^^°^™, /i|^^°'^™ and < r^^ >norm allows to found the 
full charge, charge radius and magnetic moment: e^"'^ = (1 + a/27r)e"°''"^, 
lilf = (1 + a/27r)/i:J--, < r2 >^,,^= (1 + a/27r) < ^ >no.™ • 

Comparing (SSI)- (HE!), it is easy to observe the characteristic dependence 
of each of fii,i{0) and < r^^ > on the size of m^ and rn^ which may serve as 
an indication to the existence of both types of masses. 

The absence of one of components of mass would imply that itself does not 
exist at all. Nevertheless, if we consider the case when m^ = mj,;, equations 
(ISnD-(El) take the form 



< rl >anom= "^K, , o /7^ ^^^^ ^W ■ (55) 



l/^ " UllUlll i) Vi/, 



47r2y2 



It has been mentioned above that our implications refer to any Dirac 
neutrino interacting according to the standard electroweak theory. This gives 
the right to apply to the case when gy^ = 1, j3y' = 1. Ki such a choice of 
constants, (I1T])-(I1SD replace (E3D-(EH!) by 

^' ~ 4n^V2 ' ^^' " 87r2V2 ' ^ ^ 

2 3Gf fK7\ 

< r^^ >anom= ^^2^' ^^'^ 

The second of them coincides with the value of the neutrino anomalous 



magnetic moment obtained recently |J2D] in an universal scheme of the (V — A) 



interaction as a consequence of one-loop phenomena. 
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At first sight, comparison of ( 1571 ) and 



2 _ ^F 



3-21og 



rrii 

Ml. 



(58) 



stiows ttiat our formula does not depend on a lepton mass. On ttie ottier 
tiand, ttie earlier finding connection ( 1581 ) in an opinion of the authors [21] 
themselves requires the equality to zero of the neutrino self mass. 

We recognize that (l¥TI)-(HSI) remain valid as well as for all types of leptons. 
Then it is possible, for example, to relate ([1SI)-([1HJ) to a renormalized size 



GFrn^nie o /i 
e = -gv, in sm Ow, (59) 

owing to which, they are expressed in units of the electron charge e and Bohr 
magnetons iib = e/2me by the following manner: 

w 
er"^ = /i..(0) = ^^e, (60) 

w 
Tn 

<r"^ = /2.xo) = ^/ii?, (61) 






m- m- V K^ui 



Analysis of the experiments [23, 1211 assumed that /i^"'^ < 0.74 • 10 ^^ /ie, 
nlf < 6.8 • 10^10 /iB, filf^ < 3.9 • 10^^ iiB- Having (EIj), ^iilf and taking into 
account [221 that mf = 9.92 • 10^^ eV, we estabhsh here the first estimates 



of the neutrino weak masses: m|^ < 7.3 • 10 eV, m|; < 6.7 • 10 eV, 
mf < 3.8 • 10-8 eV. 

Known laboratory data [2B] for the neutrino rest mass lead to the re- 
strictions: rriiy^ < 2.5 eV, m,y^ < 0.17 MeV, m^^ < 18.2 MeV. Insertion 
of ( I60f ) in elf^ at these values of m^ and mj^, gives elf^ < 3.6 • 10^^^ e, 
e{^^' < 2.2 • 10-^0 e, elf < 1.3 • 10"^ e. The size of elf may be accepted 
as a new estimate, if all Dirac neutrinos do not possess an equal charges. 
The values of e^"^' and e^"'^ are compatible with those which follow from the 
experiments [26]': elf^ < 2 • lO^^^ e, elf^ < 4 • 10^^ e. 

We see that m^ <C 1 eV, and consequently, m^ « m^i. From its point of 
view, the charge radii < rl >fuii, according to (E2]), have the upper limits 
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< rl^ >fuii< 2.78 • 10-35 cm2, < rj^ >f,ii< 3.76 • IQ-^s cm^, < r^ >juii< 
2.01 • 10"^^ cm^. Among them < r1 >fuii must be interpreted as for the first 
time meassured charge radius of the tau neutrino, < rl >fuii and < rl >fuii 
essentially improve the already available facts jMl 127]: < r^^ >fuii< 4.14 • 
10-32 ^^2^ ^ ^2^ >fuii< 0.68 • 10-32 cml 

Thus, the existence both of an electric and of a weak components of mass 
is by no means excluded experimentally. 

In the mass type dependence, a neutrino has a non-zero charge, charge 
radius and magnetic moment. It is not a wonder therefore that the above- 
mentioned experiments may serve as a practical confirmation of the avail- 
ability of mass structure of the interaction with these currents. Of course, 
an observed regularity reflects the sharply expressed features of mass, charge 
and thereby opens the chance for creation of the unified picture of nature of 
elementary particles and fields. 
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